Evidence exists that childhood socioeconomic position (SEP), independently of adult SEP, is associated with premature all-cause and cardiovascular disease mortality (1) (2) (3) (4) . However, few studies have had sufficient power to assess these associations with a range of cause-specific mortality outcomes (1) . In the largest known study to date (N ¼ 58,751) conducted in an unselected population by using record linkage from census data in Norway, adverse childhood SEP was associated with increased risk of large bowel cancer, coronary heart disease, and stroke (5, 6) . Even with this study size, some estimates were imprecise because of small numbers of events. Determining the importance of childhood SEP for a range of outcomes is important for understanding disease etiology and the mechanisms that might link childhood SEP to adult mortality.
A further limitation of previous studies is that many were conducted among populations born before 1930 (1) . Studying individuals born in more recent decades is important because the effects of childhood SEP on health outcomes vary over time (7) . Children in the lowest socioeconomic groups born in more recent decades, and in particular after World War II, will have experienced better standards of living than those born earlier (8) (9) (10) . If observed associations in previous studies largely represent the effects of extreme adverse circumstances, then one might expect a weaker, or no, association between childhood SEP and health outcomes in studies of populations born more recently. Here, we present the largest known study to date that examines the association of early-life SEP, based on parents' occupation, with death from a range of causes in an unselected population.
MATERIALS AND METHODS
The study cohort consisted of all individuals born in Sweden between 1944 and 1960 who were still alive and living in Sweden at the start of the follow-up period in 1970 (N ¼ 1,845,716). Date of birth and sex of the index participants, together with their parents' unique identity numbers, were extracted from the Swedish Multi-Generation Register. A linkage was made between these records and the index participants' death records (date of death and International Classification of Diseases, Seventh, Eighth, Ninth, or Tenth Revision codes) contained in the Swedish Cause of Death Register for deaths up to December 31, 2001 , and to SEP data from the Swedish 1960 Swedish , 1970 Swedish , 1980 Swedish , and 1990 Population and Housing Census databases.
Measures of social class and demographic variables
Occupational social class of the head of the household in which each cohort member resided was obtained from the four Population and Housing Censuses (1960, 1970, 1980, 1990) . Head of household social class is determined by Statistics Sweden mainly from adult household members' occupational codes and according to an order of predominance established by this agency. Our main exposure was early-life SEP obtained from the 1960 Population and Housing Census, when participants were aged 0-16 years. We adjusted for later-life occupation-based social class of the head of household to determine the extent to which any effects of childhood social class were mediated via its association with social class in later life. This was a timeupdated variable, derived by splitting the data set into time periods. Thus, for deaths occurring in [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] , data from the 1970 census were used to adjust for later-life social class; for 1980-1989, data from the 1980 census were used; and, after 1990, data from the 1990 census were used. Of 66,558 deaths, 12,646 (19 percent) occurred during [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] 16 ,640 (25 percent) during 1980-1989, and 37,272 (56 percent) after 1990.
Occupational social class was classified into five categories: manual, nonmanual, self-employed, unemployed/unclassified, or student. We used height during participants' early adulthood, which is strongly determined by childhood socioeconomic circumstances (11) and was measured on a subsample of 462,186 males at the conscription board examination, to collapse these five categories into a binary variable (manual vs. nonmanual social class). Mean height of those whose parents were categorized as self-employed (179.5 cm (standard deviation, 6.4)) and those who were students (179.0 cm (standard deviation, 6.4)) was similar to the mean height of those whose parents were categorized as nonmanual (179.7 cm (standard deviation, 6.4)). Mean height of those whose parents were categorized as unemployed (178.0 cm (standard deviation, 6.5)) was similar to that of those whose parents were categorized as manual (178.2 cm (standard deviation, 6.5)), but, for both of these groups, height distributions were different from those for participants' parents who were self-employed, were students, or had nonmanual occupations (all p < 0.001). On the basis of these between-group comparisons of mean height, we defined early-life SEP as a binary variable: manual social class (including those with manual occupations or who were unemployed) versus nonmanual social class (including those with nonmanual occupations, who were self-employed, or who were students). In a sensitivity analysis, we excluded participants whose parents were unemployed, self-employed, or students; the results did not differ substantively from the results presented here.
A participant's birth date, sex, parents' age at the time of the participant's birth, mother's marital status at the time of the birth (married, cohabiting, unmarried, widowed, divorced), and each parent's educational attainment (<9 years, 9-10 years, completed secondary education, completed higher education) were obtained from the Multi-Generation Register and/or the 1970 Population and Housing Census data. We were unable to adjust for participants' educational attainment in the main analyses since this information was not available in the 1970 or 1980 Population and Housing Census. We did, however, examine the effect of adjusting for the educational attainment of participants still alive in 1990: this factor was divided into the same categories as those used for parents' educational attainment.
Outcome variables
The outcome variables were all-cause and cause-specific death, defined as the underlying cause of death recorded on the death certificate. The Web table shows the causes of death for which we examined associations, together with the International Classification of Diseases, Seventh, Eighth, Ninth, and Tenth Revision codes used to define these causes and the numbers of participants who died from each cause over the follow-up period. (This supplementary table, referred to ''Web table'' in the text, is posted on the website of the Human Genome Epidemiology Network (http:// www.cdc.gov/genomics/hugenet/reviews.htm) as well as on the Journal's website (http://aje.oupjournals.org/).) We decided a priori to assess associations with causes of death that resulted in at least 600 deaths in the follow-up period. Therefore, we examined all causes of death that contributed at least 0.9 percent of the total. We also decided a priori to examine relations with all stroke subtypes to determine whether we could confirm the suggestion of a stronger effect of childhood SEP on hemorrhagic compared with ischemic strokes (1, (12) (13) (14) . We decided a priori to examine associations with aircraft accidents to further validate our social class categorization. This is the one outcome for which higher death rates are expected for those from nonmanual compared with manual social classes. Given that participants were born between 1944 and 1960 and that the followup period during which we collected mortality data was 1970-2001, the deaths presented here represent those occurring for participants in the age range 10-57 years, although more than 80 percent of deaths occurred between 1980 and 2001, when participants were aged 20-57 years.
Data analysis
Of 1,845,716 eligible participants, 21,652 (1 percent) had missing data on social class at one or more time points and were excluded from the analysis cohort. Thus, the cohort consisted of 1,824,064 participants, among whom there were 66,558 deaths. We decided a priori to begin the followup period on January 1, 1970 (10 years after early-life SEP was ascertained) so that associations would not be due to reverse causality, that is, a childhood terminal illness resulting in premature death and a movement downward in social class of their parents. Data were analyzed by using Cox proportional hazards regression models with participants' age as the time axis so that all analyses were controlled for participants' age. Analyses were censored at the earlier of participants' emigration date, death date, or December 31, 2001 . In multivariable analyses, we first adjusted for sex, then for parental characteristics (parental age at the time of the participant's birth, maternal marital status, and parental education) that might additionally confound the association.
In the final models, we adjusted for time-updated later-life social class to determine whether this variable mediated any associations with early-life SEP. To ensure maximum adjustment for any effect of later-life social class, we retained this variable in the original five categories (manual, nonmanual, self-employed, unemployed, student) and entered it as four indicator variables.
To determine whether participants' own educational attainment (available in the 1990 census only) mediated the effect of early-life SEP on mortality, we fitted similar Cox models with age as the time axis but date of entry (start of follow-up) as January 1, 1990 . These analyses could include only those participants who survived until this date. We used the strategy described above to adjust for confounders and later-life social class and finally adjusted for participants' educational attainment to examine whether doing so mediated the associations with early-life SEP. To examine whether the effects of early-life SEP varied by sex, we estimated all associations for males and females separately, and we derived Wald p values for the interaction of earlylife SEP with sex. All analyses were conducted with Stata version 9.0 software (Stata Corporation, College Station, Texas).
RESULTS
Fifty-one percent of the participants were males. Of the 1,824,064 participants included in the analyses, 930,273 (51 percent) were in manual social classes in childhood. Of those who remained alive at the time of the 1990 census, 62 percent were in the same social class as that of their parents in the 1960 census, 28 percent had moved up from manual to nonmanual social classes, and 10 percent had moved down from nonmanual to manual social classes.
Over the follow-up period, 66,558 deaths occurred (mortality rate ¼ 12.5 per 10,000 person-years, 95 percent confidence interval (CI): 12.4, 12.6). Of these deaths, 43,149 occurred in males (mortality rate ¼ 15.8 per 10,000 person-years, 95 percent CI: 15.7, 16.0) and 23,409 in females (mortality rate ¼ 9.0 per 10,000 person-years, 95 percent CI: 8.9, 9.1). Injury or poisoning (37 percent), cancers (26 percent), and circulatory disorders (16 percent) were the most common main causes of death (Web table) . Table 1 shows age-adjusted associations of manual versus nonmanual childhood social class with all-cause and causespecific mortality for males and females separately. Participants whose parents were in manual social classes in childhood had increased rates of all-cause, cancer, endocrine, mental disease, nervous system disease, circulatory system, respiratory system, digestive system, and injury and poisoning mortality. Higher cancer mortality rates among those from manual social classes in early life were due to stomach, liver, pancreatic, and lung cancers. There was no evidence of associations of early-life social class with colon, breast, brain, or lymphatic cancers or with melanoma or leukemia. Rates of coronary heart disease and all forms of stroke mortality were higher for those from manual compared with nonmanual early-life social classes: the magnitude of associations of early-life social class with hemorrhagic stroke was similar to that with ischemic stroke for both sexes (p for difference > 0.6).
The association between early-life social class and allcause mortality was greater for males than females, with this difference being driven by a greater impact of social class on mortality from injury and poisoning (external causes), mental disorders, and alcoholic cirrhosis in males compared with females. For other causes of death, there was little evidence of sex differences in the magnitudes of associations. The stronger association with mental disorders in males compared with females did not appear to be driven by a stronger association with number of deaths due to alcohol dependence, which was the same for both sexes. As anticipated, death in aircraft accidents was the only outcome that occurred more often among those from a nonmanual compared with manual early-life social class. This outcome was also the only one, under the broad injury and poisoning category, for which there was no strong evidence of a sex difference. Table 2 shows multivariable associations of early-life SEP with outcomes for which there were no sex differences (and also all-cause mortality) and for which there was evidence of an association in the simple age-adjusted analyses shown in table 1. These analyses used data on 1,722,739 participants for whom information on all covariates was complete. Adjustment for parental characteristics (in addition to sex and age) had little effect on the associations, except for those with subarachnoid hemorrhage (attenuating from 1.32 to 1.18) and diseases of the digestive system (attenuating from 1.51 to 1.42). Further adjustment for later-life social class resulted in some attenuation of all associations. In the fully adjusted models, mortality rates for stomach, liver, and lung cancer; diabetes; coronary heart disease; intracerebral hemorrhage; diseases of the respiratory system; and diseases of the digestive system all remained greater for those from manual compared with nonmanual social classes in early life. Table 3 shows adjusted associations of early-life social class with mortality from all causes, mental disorders, alcoholic cirrhosis, and external causes of death, separately for females and males. Males from manual social classes had higher mortality rates from alcoholic cirrhosis, mental disorders, unintentional injuries (in particular, falls and unintentional poisoning), and homicide compared with those for males from nonmanual social classes, even after adjustment for parental characteristics and later-life social class. For females, early-life social class had little or no association with these outcomes in adjusted models. In these adjusted models, there was no association of early-life social class with suicide for males or females. Table 4 shows multivariable associations between earlylife social class and mortality after 1990, after which participants' educational attainment was recorded. These analyses included 1,596,396 individuals who were still alive and living in Sweden in 1990 and whose data were complete (30,770 deaths). The estimates of effect for all outcomes in the first three models are of a similar size to those in equivalent models presented in table 2 (with follow-up beginning in 1970). Other than for stomach cancer, the attenuation following adjustment for education (model 4) was considerably greater than that following adjustment for later-life social class. After we adjusted for later-life education and social class, as well as parental characteristics, individuals from manual compared with nonmanual social classes in early life still had increased rates of death from stomach cancer, lung cancer, diabetes, coronary heart disease, stroke, diseases of the respiratory system, and diseases of the digestive system.
When we examined the effects of early-life social class on those outcomes associated with only those males in this subgroup who were still alive at 1990, we found a similar, stronger effect of adjusting for later-life educational attainment than for later-life social class. For example, among males followed after 1990, the hazard ratio for alcoholic cirrhosis after adjustment for age and parental characteristics comparing manual with nonmanual childhood social class was 1.53 (95 percent CI: 1.25, 1.87). With further adjustment for later-life social class, this hazard ratio attenuated to 1 
DISCUSSION
In this large cohort study, we found that, for both females and males, rates of death from stomach, liver, and lung cancer; diabetes; coronary heart disease; stroke; diseases of the respiratory system; and diseases of the digestive system were higher among those from manual compared with nonmanual social classes in early life. The association with stomach cancer was not affected by adjustment for available covariates. For other outcomes, adjusting for educational attainment resulted in greater attenuation of associations than adjustment for later-life social class, but important associations remained after adjustment for age, parental characteristics, own education, and later-life social class. The association of early-life SEP with increased all-cause mortality is often regarded as commonplace, but our findings are notable. They show that, for populations born after World War II (between 1944 and 1966), simply knowing the occupation of subjects' parents in their early life could predict who would be most likely to die from different causes during the first 50 years of life.
There were important sex differences in the associations of early-life social class with some causes of death. Males from manual social classes in childhood had greater rates of death from nervous system conditions, alcoholic cirrhosis, most forms of unintentional injury (in particular, falls and poisoning), and homicide compared with males in nonmanual social classes; for females, there were only weak or no associations of early-life SEP with these outcomes. The effect on these associations of adjusting for educational attainment was greater than the effect of adjusting for laterlife social class. These outcomes are more common in general among males, and the sex difference may be driven by differentials in the type of risk-taking behavior among those from lower SEP backgrounds between females and males. Males from lower socioeconomic groups will be more likely than females from these groups to behave in ways that would increase their risk of injury and homicide.
An important strength of this study is its very large size, which enabled us to examine the association of early-life SEP with a wide range of cause-specific mortality outcomes. We also had sufficient power to detect sex differences. Since this was a record linkage study, it is representative of all Swedes who were born between 1944 and 1960 and were alive and still living in Sweden in 1970. We began follow-up in 1970 and therefore did not include deaths occurring less than 10 years after assessment of early-life social class; thus, reverse causality is unlikely to explain our findings. Other studies have tried to compare the magnitude of associations between early-life and later-life SEP, but doing so presents methodological difficulties because the association of laterlife SEP with mortality will always be more prone to reverse causality than that of early-life SEP with later mortality. We split the follow-up period into 10-year intervals and adjusted for time-updated later-life SEP; therefore, we always adjusted for later-life SEP assessed within 10 years of death. Because there was a greater possibility of reverse causality with the measure of later-life compared with earlylife SEP, we did not attempt to compare the magnitudes of the associations between these two exposures. Nonetheless, our results demonstrate that the effect of early-life SEP on many cause-specific mortality outcomes is independent of later-life SEP and educational attainment. The association of early-life SEP with increased stomach cancer mortality is most likely mediated via Helicobacter pylori infection, which is usually acquired in childhood, is associated with childhood poverty, and is a pathologic agent for stomach cancer (15) . It is notable that adjustment for later-life social class or educational attainment had very little effect on this association, supporting the assumption that it was driven by an early-life insult with long-lasting and irreversible effects.
The other cause-specific mortality outcomes that were more common in those from manual social classes are known to be importantly affected by behavioral risk factors.
Thus, diabetes is strongly influenced by dietary factors and physical inactivity (16, 17) , respiratory deaths and lung cancer are strongly related to smoking (18) , and liver and pancreatic cancer are related to smoking and alcohol consumption (19, 20) . Similarly, among males, unintentional injury and homicide are often preceded by binge drinking. By contrast, there is no strong evidence for such behavioral risk factors in the etiology of those outcomes not related to childhood SEP-melanoma, breast cancer, brain cancer, and leukemia. Behavioral risk factors are often adopted in childhood or adolescence and, together with their associated metabolic and vascular abnormalities, have been found to explain (mediate) at least some of the association between childhood SEP and cardiovascular disease (21) . Thus, our results provide some indirect evidence that early-life SEP is associated with increased mortality risk because of a relation with behavioral risk factors. Since this was a record linkage study, we did not have information on behavioral risk factors and therefore could not directly assess their role as potential mediating factors. Our finding that educational attainment had a stronger mediating effect than later-life social class is consistent with findings from a cohort of individuals born in Aberdeen, Scotland, in the 1950s, in which adjustment for educational attainment resulted in marked attenuation of the association between father's social class at birth and adult smoking, binge alcohol drinking, and obesity (22) . In that study, adjustment for adult social class and income had a much weaker attenuating effect. Adjustment for educational attainment in that cohort also had a marked attenuating effect on the association of childhood social class with coronary heart disease and stroke (23) . These findings suggest that educational attainment specifically, more so than material resources, mediates the association of early-life SEP with adult health outcomes. Sociocultural characteristics of those individuals with higher education, such as self-confidence and ability to access and understand health promotional materials, may be relevant. Moreover, an individual's behavior with respect to smoking, alcohol consumption, diet, and physical activity is likely to be influenced by his or her peers, and educational experiences may determine one's peers at sensitive periods in the life course (late adolescence and early adulthood).
We found no evidence that the effect of early-life SEP was stronger for hemorrhagic compared with ischemic stroke, and we found similar attenuation of these associations with adjustment for later-life social class and education. Thus, we did not find support for the suggestion that childhood infection/diarrhea may play a specific role in the etiology of hemorrhagic stroke (1). However, it should be noted that the main risk factors for cerebral hemorrhage are likely to vary with birth cohort and age. Three earlier studies suggesting a stronger association of early-life SEP with cerebral hemorrhage than with cerebral infarct were conducted in populations born at a time and/or in a country where infant mortality from diarrhea and dehydration was considerably greater than in Sweden during 1944-1960 (12-14) .
In conclusion, we found that females and males from manual compared with nonmanual social class backgrounds in early life are more likely to die from a range of disease outcomes-smoking-related cancers, respiratory disease, cardiovascular disease, diabetes-known to be associated with behavioral risk factors. In addition, males from manual compared with nonmanual social class backgrounds are more likely to die from unintentional injury, homicide, and alcoholic cirrhosis. Educational attainment resulted in marked attenuation of these associations, with later-life social class having a less marked attenuating effect. Much of the association between early-life SEP and adult disease may be mediated via behavioral risk factors that can be modified by improved education. Thus, reducing socioeconomic inequalities in health requires inputs in early life and in particular policies that improve the educational achievements of those from the lowest socioeconomic groups.
